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ABSTRACT

Research in Alzheimer's disease (AD) currently udek various cellular, molecular, genetic, clinicahd
therapeutic approaches. Many epidemiological stsdiuggest that use of non-steroidal antiinflammyatisugs
(NSAIDs) with their antioxidant properties delay glow the clinical expression of AD. Thereforethis study we
have isolated and characterized both of Achromaddraptechaudii NRC2 by 16S rRNA and its exopolysatidé
(APEPS) by HPLC, GPC chromatography and FT-IR spectrogcdme role of APEPS as cyclooxygenase COX-1
and COX-2 inhibitors (NSAIDs) and as acetyl chdieease inhibitor with evaluation of its antioxideg stress
effects to mimic AD-like conditions in an in-vitmodel at different concentrations was examined. @sults
indicated that identified bacterial strain was Aieghaudii NRC2 and APEPS composed of arabinoseseyl
fructose, and galactouronic acid with a relativetioaof 4.5: 4.0: 1.0: 0.3, respectively, with malér weight of
5.67x10° g/mol. APEPS showed potent inhibitory effect oiX&inhibition ranged 21 to 92%) and COX-1 (7.77
to 36.22%) as compared to reference tested drugcorib (28 to 100% for COX-2 and 6.11 to 34.12%00X-1).

It also inhibited acetyl cholinesterase concentratidependently, inhibition percentages ranged frb2n36 to
38.35%. These inhibition activities were accompdnigth antioxidant effects including radical scagerg effect,
ICso were 170.00, 199.31, 205.12 and 73.58 u‘érmr DPPH, superoxide radical, 0, and total antioxidant
capacity respectively. 1§ was 100 pgmt for metal chelation which appeared in inhibitioflipid peroxidation at
ICs0, 112.41 pgmtt. These activities may led to slow down or treathigheimer disease by different mechanisms.

Keywords: Achromobacter piechaudiiExopolysaccharide, Cyclooxygenase inhibitors, tflceholinesterase
inhibitors, Antioxidant.

INTRODUCTION

During the last years, interest in research reldatedAlzheimer’'s disease (AD) and inflammation haswn
significantly. Ageing is the greatest risk factor fdevelopment of AD and this is thought, in paot,be due to
enhanced chronic inflammation associated with @ireg age [1]. It has been recognized that amydeid: (A3) is
able to initiate an inflammatory response, whiclplicates the activation of microglia and the retmgint of
astrocytes, and therefore the release of cytokirtemmokines, reactive oxygen species and neurofritucts that
have been involved in neuronal and synaptic darflg©ver the past decade the process of inflanondias been
a focus of increasing interest in the AD field, ooty for its potential role in neuronal degeneratbut also as a
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promising therapeutic target [3]. AD the most comnoause of dementia associated with neurodegemeratithe
elderly, is characterized clinically by progressimemory loss and other cognitive impairments [4s&arch in AD
is rapidly expanding and currently includes vari@gular, molecular, genetic, clinical and thenape research
approaches [5]. The prevalence of AD increases rexmially with age [6]. The free radical hypothesfsaging
states that the aging process is associated wiltisgaiem failure due to oxidative damage causedrbymbalance
between reactive oxygen species production andxdént defenses [7]. Reactive oxygen is a ubigsitioyproduct
of both oxidative phosphorylation and the myriadgidases necessary to support aerobic metabdlisiD, there
are a number of additional contributory sources #nea thought to play important roles in oxidatsteess, such as
increased neuronal iron in an active redox statereased nitric oxide (NO) synthesis in microgland
abnormalities in the mitochondrial genome. Furthanem lipid peroxidation, a hallmark of oxidativedue injury,
has been found to be elevated in the AD brainH&nce, it is thought that oxidative stress may beiaderlying
mechanism in AD, and agents that prevent oxidatasmage may be particularly efficacious in the tresit of AD
[9]. Free radical-mediated lipid per oxidation hbeen shown to activate cyclooxygenase (COX-2) [10].
Furthermore, the two step oxygenase and peroxidetsen of COX leading to the formation of a reaetoxygen
species and prostaglandin H2 (PGH2) has been Hdedcin detail [11]. However, aggregated synthetBi-A0
peptides have been shown to induce COX-2 expressi@H-SY5Y neuroblastoma cells, ang@1A40 has been
shown to stimulate COX-2 oxygenase and peroxidateits in a cell free system [12]. These findinge further
supported by evidence showing that increased b&gzls of oxidative stress significantly increasesirotoxicity in
hippocampal neurong vitro [13]. Therefore, based on epidemiological studiesl experimental work, it is
hypothesized that COX-2 plays an important roleéurodegeneration in AD [11]. Many epidemiologisaldies
suggest that use of non-steroidal antiinflammativngs (NSAIDs) delay or slow the clinical expressad AD [14-
17]. Furthermore, new evidence that COX is involwedheurodegeneration [11, 12, 18] and the devetoynof
selective COX inhibitors has led to renewed inteneghe therapeutic activity of NSAIDs in AD [120]. AD is
characterized by the degeneration of neurologioaction. The latter is due to the reduction in lsvef the
neurotransmitter acetylcholine, in the brains & éiderly as the disease progresses, resultingss1df cognitive
ability [21. Acetyl cholinesterase inhibitors (ACIslE have been shown to function by increasing dcedjine
within the synaptic region, thereby restoring defit cholinergic neurotransmission [22]. Selectivmlinesterase
inhibitors, free of dose-limiting side effects, amet currently available, and current compounds maly allow
sufficient modulation of acetylcholine levels tacélthe full therapeutic response [21]. In additiccome of the
synthetic medicines useed.g. tacrine, donepezil and rivastigmine have been rtedoto cause gastrointestinal
disturbances and problems associated with biodittia [23]. During the past decade varieties ofvab
exopolysaccharide (EPS) have been obtained fromasgsrhromobacteibecause it has biological properties [24].
Achromobacteis gram negative species produce EPS serve damati[25] because it has no toxicity and causes
no side effect have used in many industrial brasc@ra also in medicine [26]. Therefore, the presamdies was
conduced to isolated and identify both of bactesthin and its exopolysaccharide as well as etaltae
exopolysaccharide antioxidant properties and inbiiki effect against cyclooxygenase and acetyl cleslerase
enzymes.

MATERIALS AND METHODS

Materials

Ammonium thiocyanate, 1, 3-diethyl thiobarbituricica (DETBA) and linoleic acid were purchased fronenfek.
Ferrous chloride, 1,1-diphenyl-2-picryl-hydrazyl RBH), 3-(2-pyridyl)-5,6-bis (4-phenyl-sulfonic agid,2,4-
triazine (ferrozine), nicotinamide adenine dinutigé® (NADH), butylated hydroxytoluene (BHT), 2,2Haa-bis(3-
ethylbenzthiazolin-6-sulphonic acid) diammoniumt gABTS), peroxidase, potassium hexacyanoferraterige
hemisulfate salt, 5,5-dithiobis-2-nitrobenzoic a@d’NB), NaH,P0,.2H,0, Naa:HPO,.2H,0, ascorbic acid (Vc) and
trichloroacetic acid (TCA) were purchased from Sigildrich (Germany).

Screening and identification

Marine sediment samples (3 g) collected from SidhB(Alexandra, Egypt) were suspended in 90 mtilstevater.
Serial dilutions of water samples were plated omimeanutrient agar plates. After incubation af@7or 72 h,
cultural logogriphic bacterial colony was obtainBdrification of single colonies was done by dibutistreaking on
marine nutrient agar plates. Single colony cultwrese maintained on marine nutrient agar. Purerietoof each
facultative logographic isolates (capable of forgnimucoid and ropy colonies) were then inoculated 50 mL of
screening marine nutrient medium in 250-mL conflzak, incubated at 3T in a rotary shaker at 150 rpm for 48 h.
After centrifugation at 4000 rpm for 30 min, thepsmatant was mixed with three volumes of chilldthaol. The
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precipitate was collected by centrifugation at 5@0® for 30 min and the pellets were dried &t@@nder vacuum.
EPS production was determined by quantifying thbalaydrate content of the pellets as glucose etgrit& using
the phenol-sulfuric acid method [27].

Biochemical Characterization
Strain NRC-2, which produces high amounts of EP8&s wdentified based on biochemical, morphologieald
physiological characteristics of the potential proer was determined by adopting standard meth@<[.

Identification of bacteria by 16S rRNA gene seqirgnanalysis

Genomic DNA isolation from isolates

The isolated bacterial strain was grown in 25 mathrovernight at 37°C. The culture was centrifug&@00 rpm
for 7 min. The pellet was re-suspended in 4Q00f sucrose Tris EDTA buffer. Lysozyme was addedatfinal
concentration of 8 mg mtand incubated for 1 h at 35°C. To this tube, f0®f 0.5 M EDTA (pH 8.0), 6QL of

SDS and 3uL of proteinase —K (20 mg mi) were added and incubated at 55°C. After incubatthey were
centrifuged at 7000 rpm for 3 min and then the sugtant were extracted twice with phenol: chlorofdd.: 10, v/v)
and again with chloroform: isoamylalcohol (24:1y)v/It was precipitated with ethanol. The DNA peleas re-
suspended in sterile buffer.

Amplification of 16S rRNA gene sequence

A single band of high molecular weight DNA has bedvserved. A polymerase chain reaction (PCR) was
performed using ITS1 (FCCGTAGGTGAACTTTGCGG-3 and ITS4 (5TCCTCCGCTTATTGATATGC-3
primers. Polymerase chain reaction was performeatypical reaction mixture wasy2. of template DNA and 1.5

pL of forward primer, 1.5iL of reverse primer, 10L of 2x PCR master mixes anduk of nuclease free water for
20 L reaction. The reaction was performed with anahidenaturation at 94°C for 2 min 30 cycles of aemation

at 94°C for 45 sec, annealing at 56° for 1 mingegion at 72°C for 1 min followed by final extersiat 72°C for 5
min and hold at 4°C. The amplification of 16S rRi§&ne was confirmed by running the amplificationdut in

1% agarose gel electrophoresis. Sequencing wasrperfl by using Big Dye terminator cycle sequendiitg
(Applied BioSystems, USA). Sequencing products wersolved on an Applied Bio-systems model 3730XL
automated DNA sequencing system (Applied BioSystdd®A). Sequences were submitted to GenBank on the
NCBI website (http://www.ncbi.nlm.nih.gov). Sequescobtained in this study were compared to the @ekB
database using BLAST software on the NCBI websitp(//ncbi.nim.nih.gov/ BLAST/) [30].

Production, isolation and purification of polysaaride

Inoculum was prepared by transferring one loopdéitulture from marine nutrient slant to a 250-odnical flask
containing 50 mL seed medium consisting of (g/Lgrege 20, peptone 4, yeast extract 2 and dissatv@d0 mL
seawater and 250 mL distilled water. The seed medtwere grown at 37T on a rotary shaker incubator at 150 rpm
for 18 h. After incubation, 3 mL of the seed cudtwvas transferred into a 250-mL conical flask egrihg 50 mL
of production medium consisting of (g/L) sucrose B@ef extract 1, (NP,SO, 0.5, K,HPO, 3H,0 2.5, IKHPO, 1,
NaCl 0.2, MgSQ 7H,O 0.2, FeS® 7H,0O 0.001 and 50% sea water [31]. The fermentatidtu@s were then
incubated at 3TC with shaking at 150 rpm for 3 days. The isolaRON2 was incubated at 32 for 96 h. After that,
TCA was added to the culture to achieve a finaceotration of 5% (w/v), and the mixture was stirfed30 min at
room temperature. Cells and precipitated proteiaseewemoved by centrifugation at 5000 rpm for 25 @t £C.
The deproteinated solution through precipitatiothvli, 2, 3 and 4 volume chilled ethanol and held°@tfor 24 h.
The major pellet was dissolved in deionized wadiéglyzed against distilled water using dialysisitigbh(MWCO
2000) at 4C for 24 h, and then lyophilized.

Monosaccharide composition

Monosaccharide compositions were determined by-pagformance liquid chromatography [32]. The EPSewne
hydrolyzed with 2 mL (3 M) of trifluoroacetic aci(TFA) at 100C in a sealed tube for 5 h. Excess acid was
removed by flash evaporation on a water bath atmgpérature of 40C and co-distilled with water [33]. Ethanol
was added into the dry sample and evaporated byng@ession. The monosugars contents were quantifyed
HPLC on a Shimadzu Shim-Pack SCR-101N column (f®x180 cm), using deionized water as the mobile phase
(flow rate 0.5 mL/ min).
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Functional group analysis

The functional groups of the EPS were detectedguBiourier transform infrared (FT-IR) spectroscopgd the
spectrum of the EPS was obtained using a KBr methbd polysaccharide samples were pressed intop€Bets.
The FT-IR spectra were recorded on a Bucker sief00-IR Spectrophotometer in the region of 40€00-cn*
[34].

Molecular weight determination

The molecular weight of the EPS was determinedeabypgrmeation chromatography (GPC) on Agilent 14€kes,
Germany, Detector: Refractive Index FPI gel pagtisize (fm), 3 columns of pore type (100, 104, 105 A®°) on
series, length 7.% 300 mm (1000,5000000) For DMF solvent Styrogel BIRF, 3 ym (7.8 x 300 mm), Water
Company Ireland. One column (5000-600000) for watdvent (polyethylene oxide/glycol standard) Pluaggl-
OH 7.5 mm and 30 um pore typqui® particle size. PL aquagel-OH 7.5 mm, 50 pore type, §m particle size, in
series Mw from 100-1250000 g molThe sample 0.01 g was dissolved in 2 mL of sdlvand then it filtrated by
siring filter 0.45 then the sample but in GPC devithe polydispersity index calculated from the Min/ratio [35].

Antiinflammatory activity

The cyclooxygenase inhibition assay was performsmbraling to a modified method of Larsen al. [36]. The
oxidation of leuco-dichlorofluorescein (L-DCF) ihet presence of phenol by the hydroperoxide fornmethe
cyclooxygenase reaction can be used as a sensjtéatrophotometric assay for PGH synthase activéyco-2, 7-
dichloro-fluorescein diacetate (5 mg) was hydrotyz¢ room temperature in 1M NaOH (pD) for 10 min, then
1M HCI (30uL) was added to neutralize excess NaOH beforeasting L-DCF was diluted in 0.1 M Tris-buffer,
pH 8. COX-1 and COX-2 was diluted in 0.1 M Tris-fauf pH 8, so that a known aliquot gave an absarban
change of 0.05/min in the test reactisédEPS at 25, 50, 100, 200 and 400 ppm were pre-incubatddenzyme at
room temperature for 5 min in the presence of hemBremixed phenol, L-DCF and arachidonic acidenadded
to the enzyme mixture to begin the reaction, argive a final reaction mixture of arachidonic ats uM), phenol
(500uM), L-DCF (20uM) and hematin (M) in 1 mL final volume of 0.1 M Tris-buffer, pH 8.he reaction was
recorded spectrophotometrically over 1 min at 508. PA blank reaction mixture was analyzed in the
spectrophotometer reference cell against eachréastion to account for any non-enzymatic actisityibuted to
the test sample. This blank consisted of the readatiixture without the addition of enzyme. Celebtowias used as
standard compound.

Acetyl cholinesterase inhibition assay

The enzymatic activity was measured using an atlaptaf the method described in Ingkaniretral.[37]. 500 pL
of DTNB (3 mM), 100 pL of AChl (15 mM), 275 pL ofriB—HCI buffer (50 mM, pH 8 ) and 100 puL APEPS at
25, 50, 100, 200 and 400 pg thivere added to a 1 mL and was used as blank. Iretiwtion, 25 uL of buffer were
replaced by the same volume of an enzyme solutimtaining 0.28 Umt*. The reaction was monitored for 5 min
at 405 nm. Velocities of reaction were calculatedzyme activity was calculated as a percentagbef/élocities
compared to that of the assay using buffer instéadhibitor APEPS Inhibitory activity was calculated from 100
subtracted by the percentage of enzyme activitya Paesented here are the average of three regdicBserine
hemi sulfate salt was used as positive controliwas tested at different concentration differgatn samples. The
tested eserine concentrations were 0.01, 0.02,a8h64.081g mL* [38].

Antioxidant properties

Free radical scavenging activity

The free radical scavenging activity APEPS was measured using the method of Yamagatiai. [39]. 0.1 mM
solution of DPPHe in methanol was prepared. ThemlLl of this solution was added to 3 mL APEPS and
standards solution at 25, 50,100, 200 and 400 jigrfihe mixture was shaken vigorously and allowedttmd at
room temperature for 30 min. Then the absorbance measured at 517 nm using spectrophotometer Ubleis
2401PC (Shimadzu, Japan). Lower absorbance ofdaetion mixture indicated higher free radical scayeg
activity. The DPPHradical concentration in the reaction medium walsudated from the following equation:

DPPH scavenging effect (%) 100- [(Ag-A1)/Ay) x100]
WhereA, was the absorbance of the control reaction Andias the absorbance in the presence of the sarfiple o

polysaccharide.
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Reduction capability

The method of Oyaizu [40] was used to determine¢decing power effect APEPS. One milliliter of APEPS at
each different concentration was mixed with phosplaffer (2.5 mL, 0.2 M, pH 6.6) and potassiunritsanide
(2.5 mL, 1%). The mixture was incubated atG@or 20 min. A portion (2.5 mL) of TCA (10%) wasl@ed to the
mixture, which was then centrifuged for 10 min 20@ rpom(MSE Mistral 2000, UK, and Serial No: S693/02/444).
The upper layer of solution (2.5 mL) was mixed wittethanol (2.5 mL) and FeC(0.5 mL, 0.1%), and the
absorbance was measured at 700 nm in a spectropéio Ascorbic acid (Vc) and BHT was used as drotm
Higher absorbance of the reaction mixture indicapesghter reduction capability.

Metal chelating effect

The method of Diniet al. [41] was used to evaluate the chelating effecABEPS and standards against ferrous
ions. Briefly, polysaccharide and standards astrae concentrations were added to a solution of FHa®t (0.05
mL). The reaction was initiated by the additionsaiM ferrozine (0.2 mL) and the mixture was shakigorously
and left standing at room temperature for ten n@suffter the mixture had reached equilibrium, dhsorbance of
the solution was then measured at 562 nm in a sgEmtometer. The percentage of inhibition of feine-Fé*
complex formation was given by the formula:

Inhibition (%) = [(Ay-A1)/ A¢] X 100

WhereA, was the absorbance of the control, Apavas the absorbance in the presence of the sahpleEPS and
standards. The control contains Fe@lid ferrozine.

Super oxide anion scavenging effect

Measurement of super oxide anion scavenging agfiAPEPS was based on the method described byetial.

[42]. In this experiment, the super oxide radicadsre generated in 3ml of Tris-HCI buffer (16mM, @0)

containing 1ml of NBT (50 uM) solution, 1ImL NADH &7uM) solution and 1ml sample solution APEPS at

different concentrations were mixed. The reactias wtarted by adding 1mL of phenazine mehosulpiitegisn

(10 puM) to the mixture and then incubated (25°@)Simin. The absorbance at 560 nm in a spectropheteEmmvas
measured against blank samples. Ascorbic acid §d)BHT was used as controls. Decrease in absalHtbe
reaction mixture indicated increased super oxiderascavenging activity. The percentage of inhditof super
oxide anion generation was calculated using tHewehg formula:

Inhibition % = [(A;-A1)/Ag] x 100
WhereA, was the absorbance of the control, Apdvas the absorbance APEPS or standards.

Scavenging of hydrogen peroxide

The ability of APEPS and standards to scavenge hydrogen peroxide vtasndeed according to the method of
Ruch et al. [43]. A solution of hydrogen peroxide (40 mM) wasepared in phosphate buffer (pH 7.4).
Polysaccharide and standards were added to a hgmrpgroxide solution (0.6 mL, 40 mM). Absorbance of
hydrogen peroxide at 230 nm was determined aftentimute against a blank solution containing phasptouffer
without hydrogen peroxide. The percentage of hyeinogeroxide scavenging for APEPS and standard congso
was calculated using the following equation:

H,0; (%) = [(A-A1) Ag] x 100
WhereA, was the absorbance of the control, Apavas the absorbance in the presenc&REPS and standards.

Total antioxidant capacity

Total antioxidant activity was measured accordiagite method described by Miller and Rice-Evang| [@dd
Arnaoet al.[45]. Exactly, 0.2 mL of peroxidase (4.4 U 0.2 mL of HO, (50 pM), 0.2 ml of ABTS (100 uM)
and 1 mL methanol were mixed, and were kept irddmé for 1hour to form a bluish green complex aétdding of

1 mL of APEPS at different concentrations or ascorbic acid (dod BHT, all were tested in triplicates. The
absorbance at 734 nm was measured to represetotahantioxidant activity and then was calculagsdollows:

Total antioxidant activity (%) = [1- (AumpidA contro)] X 100
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Lipid per oxidation ammonium thiocyanate

Inhibition of lipid per oxidation byAPEPS and standards was determined according to theaueth[46]. A pre
emulsion was prepared by mixing 1§ Tween 20, 15%L linoleic acid, and 0.04 M potassium phosphatedyuf
(pH 7.0). A 1 mL of sample in 99.5% ethanol was exixvith 4.1 mL linoleic emulsion, 0.02 M phosphhbtéfer
(pH 7.8) and distilled water (pH 7.9). The mixedusions of all samples were incubated in screw tdyes under
dark conditions at £ at certain time intervals. 0.1 mL of this mixtwvas pipetted and added with 9.7 mL of 75%
and 0.1 mL of 30% ammonium thiocyanate sequentidlfter 3 min, 0.1 mL of 0.02 M ferrous chloride $5%
HCI was added to the reaction mixture. The perobégtel was determined by reading daily of the abance at 500
nm in a spectrophotometer. Ascorbic acid (\Vc) aktiTBvere also determined for comparison. All tesadaas the
average of three replicate. The inhibition of ligiér oxidation in percentage was calculated by fdtlewing
equation:

Inhibition (%) = [(A - A1) / Ag] x 100

Where A was the absorbance of the control reaction apdvés the absorbance in the presenc&REPS or
standard compounds.

Statistical analysis
Analysis of variance (ANOVA) was applied followeditiv Pot Hoc test to determine differencgs < 0.01).
Statistical analysis was used to calculate meadstamndard deviations of three replicates.

RESULTS AND DISCUSSION

Screening for bacterial strains producer of EPS

A wide range of bacteria are known to produce ekgamcharides. A wide range of biologically active
exopolysaccharides are isolated from microorganiants a number of them are reported to have antitiand
immunomodulatory activities. The mechanisms thatliate the biological activity of polysaccharideg atill not
clearly understood [47]. Thirty bacterial isolate@ere recovered from different marine places. Altofathirteen
bacterial isolates collected from various marinenglas and exhibiting smooth sticky colony and mdabi
morphology on marine agar media were inoculated sftake flasks containing 50 mL of fermentationtoro
medium. Marine bacterial isolates were screenedhfair capacity to produce EPS. The highest yi¢IERS (9.3 g
L™ growth medium) was obtained by a marine bacteiagtated from a Sidi Bishr sample.

Identification of the strain NRC2

Identification of bacterial isolate NRC2 was cadrieut according to morphological, cultural, physgital and
biochemical features. The isolated NRC2 had rodpshand was Gram-negative, aerobic, catalase pwsitiv
halophilic and capable of growing on different stsgauch as glucose, fructose, mannose and arabibse
organism was able to grow over a wide range of fpbh( 5.0 to 10.0). It grew at temperatures randgnogn 25 to
45°C wherein the optimal temperature was@.7The identification was confirmed by moleculaalses based on
16S rDNA. The 16S rDNA gene of tlhechromobacteisp. was amplified using polymerase chain reactR@R)
with the help of 16S rDNA Universal primers. Theqsences were compared against 16S rDNA sequences
available in the NCBI (http://www.ncbi.nlm.nih.gousing the BLASTN 2.2.6 program. The sequence aigly
revealed that the strains were phylogeneticallgalprelated to the genéshromobacterBlast analysis of the 16S
rDNA sequence of isolate revealed that the seles@dtes showed maximum similarity of 98% withcultured
bacteriumand Achromobacter spThe Phylogenetic relationship was obtained usieighbor joining by pair wise
comparison among the 16S rDNA gene sequence dftedlesolates with species. The dendrogram wasrumisd

for their Phylogenetic relationship and it reveatedt the isolatédchromobacter piechaudNRC2 was distinctly
placed under separate clusters. The 16S rRNA gegeeaces of the isolates had been submitted tiNG®@I
Genbank under accession numkéx145014 (Figure 1)
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Figure (1). Phylogenetic tree of the partial sequere of 16S rDNA of the local isolate NRC2 with respeéto closely related sequences
available in GenBank databases

Isolation and chemical structural of APEPS

Exoolysaccharide production from piechaudiiNRC2 reached a maximum of 9.3 g/L growth mediuterad6 h.
The main fractionAPEPS was obtained after fractionation with ethanol fp#ation from the crudéePS. The
APEPS was collected for further analysis of structure &logical activity. It appeared as a yellowistwgler,
with a negative response to the Bradford test.fabethat no absorption was detected by the UVtspedt both 260
and 280 nm indicated the absence of protein amdioleic acidsAPEPS contain uronic acid as evaluated iy
hydroxydiphenyl colorimetric method [48] and HPL@adysis. Analysis by HPLC indicated thAPEPS was
composed of arabinose, xylose, fructose, and galemtic acid with a relative ratio of 4.5: 4.0: 1.0.3,
respectively. These results indicated that the gmes of arabinogalactan structure within the palgbaride is
important for immunological activity and able tdlirence inflammatory processes [49]. Also, acidRSEare useful
for protecting against AD and ulcers while, natiERIS lower significant anti-protecting activity [5th contrast to
the all acidic polysaccharides, pharmacologicaicaffy of the polysaccharide fractions has not bédly
investigated. Nonetheless, several studies haveommated that immunostimulatory functions of soewd
polysaccharide and there played a critical rolalisplaying mitogenic, antitumor, and direct immutirosilating
activities in cyclophos-phamide-treated immunosapped mice [51, 52]. The sugar composition played a
important role in the biological activities [53]quided that 101EP and 102EP consisted of arabirgsdactose,
glucose, fructose, mannose and maltose stimulaiégroliferation and may be useful as a mild immumodulator
of macrophages. The molecular mass valuARIEPSwas calculated for the portions of peaks, whictwlithin the
peak ranges. The weight average molar weight (VMAREPS was determined to be 1640 gmol™ and number
average molecular weight (Mn) of 5:6I0° gmol™. polydispersity index (Mw/Mn) is a measure of thilth of
molecular weight distribution 2.8%igure 2).

Kalka-Moll et al.[54] reported that the stimulation of cellular imnity dependent on the molecular weight of EPS,
their results revealed that, EPS with Mw of 1298746.9 and 17.4 KD stimulated CD4 cell prolifesatin-vitro at
the same time Yamt al. [55], showed that EPS-1 derivative for scavendiggroxyl radical was increased with
decreasing molecular weight. Also Deeixal. [56], studied the effect of a low Mw fucoidan oM&S proliferation
in-vitro and intimal hyperplasian-vivo, their results indicated that the low Mw of fucaid reduced intimal
hyperplasia and use for preventional human intest enosis. The low values of polydispersity inftaxall EPS
mean that thesEPS molecules exist much less dispersed in aqueousi@olwithout forming large aggregates [57].
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The IR analysis of thAPEPSis shown inFigure (3). There were many peaks from 3430.74 to 616.14".cfine
band at 3430.74 criregion was attributed to the stretching vibratién@H in the constituent sugar residues [58].
The band at 2967.91 chwas associated with the stretching vibration df i€ the sugar ring. The band at 1647.88
cn! was due to the stretching vibration of C=0 and COW®e absorptions around 1412.6-tmepresented -CH
and -OH bonding. The strong absorption at 112383 was dominated by glycosidic linkagéC—O—C)-stretching
vibration [59]. Moreover, the band at 921.29-tindicated the8-pyranose form of the glucosyl residue. Therefore,

the infrared spectrometry analysis suggested thaas highly likely that theAPEPS belonged to §-type hetero-
polysaccharide with a pyran group [60].
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Figure (2). Molecular weight distributions of APEPSproduction by Achromobacter piechaudii NRC2
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Figure (3). Infra red spectrum of APEPS fromAchromobacter piechaudii NRC2

Anti-cyclooxygeases activity of APEPS

The free radical hypothesis of aging states thsgug damage from reactive oxygen species may umderl
multisystem failure and these mechanisms may atsoiroin the progression of AD. Targets of reactygen
species include activation of COX-1 and COX-2, wahire blocked by NSAIDs. Furthermore, daily dosés o
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NSAIDs have been shown to increase circulatingléewé antioxidants, which combat reactive oxygencigs, in
many inflammatory related diseases [12]. Therefarethis study we examined the effectof exopolybaticle
mimics NSAIDs acting on both COX-1 and COX-2 aslvesl testing if its functional route was supportiecbugh
its anti-oxidant properties. Free radical-mediatigpid peroxidation has been shown to activate COX62].
Furthermore, the two step oxygenase and peroxidetsen of COX leading to the formation of a reaetoxygen
species and prostaglandin H2 (PGH2) [12]. Howeaggregated synthetic Amyloi1-40 (A81-40) peptides have
been shown to induce COX-2 expression in SH-SY5ftoldastoma cells, andBa-40 has been shown to stimulate
COX-2 oxygenase and peroxidase activity in a aake fsystem [12]. These findings are further sumggofty
evidence showing that increased basal levels oflatixie stress significantly increase8 Aeurotoxicity in
hippocampal neuron$2]. Therefore, based on epidemiological studied experimental work, it is hypothesized
that COX-2 plays an important role in neurodeget@nan AD [12]. Many epidemiological studies suggéhat use
of non-steroidal anti-inflammatory drugs (NSAID®laly or slow the clinical expression of AD [63].rEhermore,
new evidence that COX is involved in neurodegeimangd64] and the development of selective COX iiitits has
led to renewed interest in the therapeutic actioftitSAIDs in AD [19, 20].

In earlier experiments, Nivsarkat al.[65] in a rat model of AD support the hypothesiattCOX-2 inhibition alone
is an important target for reducing AD-related @tide stress and recommend that COX-2 inhibitorsnist
suitable for AD treatmentAPEPS showed potent anti COX-2 effect as compared tereefce tested drug,
celecoxib, in a concentration dependent manner iftibition percentages ranged from 21% for 25 |Lg'to 92%
for 400 ug mr* whereas inhibition percentages of celecoxib wagyednfrom 28% to 100% at the same
concentrationgFigure 4). On the other handdPEPS showed plausible effect on COX-1. It exhibitedibitory
effect on COX-1 in a mimic celecoxib manner, thkiliition percentage ranged from 7.77 at 25 pgrti. 36.22%
at 400 pg mt* while celecoxibe produced inhibition percentagegeshfrom 6.11 (25 ugmt) to 34.12% (400
pngmL?) (Figure 5) and there is no significant difference<(0.01) was recorded between celecoxib and APEPS
inhibition percentage on COX-1 activity. AD is areiversible and progressive disorder that leadgmtmcreasingly
impaired cognition and eventual death; it is cufseimeated with palliative, symptomatic therapjés].
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Figure (4). Inhibition effect of APEPS and celecoki against COX-2. Data are mean of triplicates + S.D
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Anti-acetylcholinesterase activity

The primary therapeutic strategy, to date, involtes use of cholinesterase inhibitors (ChEIs) toléyn the
remaining cholinergic activity. The enzyme, acetylolinesterase (AChE), along with other elementsthaf
cholinergic system is depleted in AD. The AChE ispecific cholinesterase, hydrolyzing acetylcholaster, and
found in the brain, nerves and red blood cells (RBtCa high level [67]. Biochemical studies havdidated that
AChE induces amyloid fibril formation by interaatidhrough the peripheral anionic site of the enzyorening
highly toxic Ach E-amyloid3 peptide (8) complexes. The pro-aggregating AChE effect ieased with the
intrinsic amyloidogenic properties of the corresgiog AR peptide. The neurotoxicity induced by AchB-A
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complexes is higher than induced by thg peptide alone, botim vitro andin vivo [19]. Alteration in the level of
AChE in situations where in there is a deficiencyabsence of ACh assumes significance in clinioald@ions such

as AD. It was hoped that restoring the cholinetgatance by inhibition of ACh breakdown would sloawh the
progression of AD and improve cognitive and genfrattioning [68]. TheAPEPX was evaluated for its inhibitory
effect against acetyl cholinesterase iriramitro model. It inhibited acetyl cholinesterase concgign dependently.
The lowest inhibition value was 12.36% APEPS minimum concentration, 25 pgrilwhereas the inhibitoriest
effect was 38.35% at 400 pgmli(Figure 6). The inhibition percentage was increased signiflgg(® < 0.01) with
increasing theAPEPS concentration up to 200 pgmL On the other hand, the standard material, eserine
hemisulfate, represented minimum recordeg s 0.03 pgmt.
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Figure (5). Inhibition effect of APEPS and celecoki against COX-1. Data are mean of triplicates + S.D
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Antioxidant properties of APEPS

In AD, there are a number of additional contribyteources that are thought to play important ratesxidative
stress, such as increased neuronal iron in aneadidox state, increased nitric oxide (NO) synth@simicroglia,
and abnormalities in the mitochondrial genome. ltamrhore, lipid per oxidation, a hallmark of oxidatitissue
injury, has been found to be elevated in the ADrbrdence it is thought that oxidative stress mayh underlying
mechanism in AD, and agents that prevent oxidatasmage may be particularly efficacious in the tresit of AD
[69].

The antioxidant properties &fFPEPS was evaluated by different assays to be awars difenefits in scavenging of
different types of radicals and chelation of iontate as well as evaluation of its reduction capgbilvhich
reflected on its total antioxidant capacity anddiper oxidation. APEPS scavenged DPPH radicals at different
concentrations but it remained weak as compar&tt tand BHT 1G, was 170, 17.29 and 16.25 pgthior APEPS,
Vc and BHT, respectivelyTable 1). APEPS showed scavenging effect against supeeasdical and hydrogen
peroxide radical 1§ was 199.31 and 205.12 pgrhtespectively, and its effect on their radicals agmed less than
its effect against DPPH radicals. It also reprodugenetal chelation effect when it tested on fegraun 1G, was
100.8 pgmr) which is lower than Vc activity by 48% and BHT By%. The ability ofAPEPS to scavenged
mentioned radicals as well as chelating effeceméid on its total antioxidant capacity which repreed G, at
73.58 pgmC* and inhibited lipid per oxidation in linoleic acidsay and its g was 112.41 pgmt. The reduction
capability of APEPS was determined in potassiumidganide/ FeGlassay. APEPS appeared to have ability to
reduce the potassium ferricyanide in a concentiadgpendent manner; the reduction was increaséuingteasing
concentration oAPEPS except with increasingPEPS from 100 pgm( to 200 pgmr* which didn’t produce any
significant effect while the activity was magnifiadhen the concentration reach 400 pghiEigure 7).

Table (1): Antioxidant properties of APEPS and stadards (Vc and BHT)

|C50(|.1 /ml)
DPPH scavenging fscavenging| kO,scavenging| Metal chelation TCA Lipid per oxidation
APEPS 170+1.01 199.31+0.88 205.12+1.21 100.80+0.8973.58+1.41 112.41+2.13
Vc 17.29+1.05% 51.81+0.91 15.17+0.95 68.760.94 30.48+1.83 12.34+1.14
BHT 16.25+0.09 48.69+0.87 15.59+1.41 57.71+0.1.10 28.35+0.98¢ 13.25+202

Data are presented as mean of triplicates + S.De $ame letter means insignificalitf erence between these groups
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Figure (7). Reduction capability of APEPS in potasam ferricyanide/FeCl; system
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As indicated in the literature, acidic polysacctes are likely to contain more uronic acids witlyatéve charges
[70]. The atoms of polysaccharides with a greatepgrtion of uronic acid were negatively chargezsulting in
less steric hindrance when a superoxide anion ab@2") attacks. This explains the reason for high cantén
uronic acid in acidic polysaccharides having higteatical scavenging activities, especially for sop@le anion
radicals [70]. Many studies also suggest that tladbivities of polysaccharides are closely asgediavith their
structures, such as the type of glycosyl units, dbefiguration of glycosidic bonds, and the substitt of the
polysaccharides. In addition, the spatial structame molecular weight of polysaccharides could @fect the
bioactivity [71]. Therefore, the antioxidative adty of the APEPS not may be the result of a single factor. It is th
result of many factors when combined in the vasiathf monosaccharide composition, structure coméijon, and
mode of attending glycosidic bonds, molecular weighd other structural characteristics of thBEPS [72].
Regarding the effect APEPS as selective anti-cycloxygenases and its inhipiedfect on acetyl cholinesterase as
well as its antioxidant properties, it may a usefaural source in treating and/or controlling Adizher disease.
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